Material and Methods

Piezo mutants and constructs.
To allow visualization of cells successfully transfected with Piezo2, we generated a Piezo2-IRES-GFP construct by subcloning the IRES-GFP sequence from the pIRES2-EGFP (Clontech/Takara) into piezo2-pSPORT6 plasmid (gift from A. Patapoutian). pIRES2-EGFP and piezo2-pSPORT6 plasmids were BamHI/NotI (NEB) digested and the bands containing the IRES-GFP insert and piezo2-pSPORT vector were excised from the agarose gel and subsequently column purified (Macherey-Nagel). After dephosphorylating the vector with Antarctic Phosphatase (NEB) according to the manufacturer instructions, insert and vector at a molar ratio of 3:1 were ligated O/N at 16ºC (NEB Ligase).
Mutations were introduced by PCR-amplification of Piezo2-IRES-GFP using KAPA HiFi polymerase (Roche) and primers (Sigma Aldrich) containing the selected mutation. Before transformation of bacteria, the PCR reaction was diluted in water (1:4), DpnI digested (New England Biolabs, 37ºC, 2h) and column purified (Macherey-Nagel). To generate the Piezo2 and Piezo2 B2L deletion mutants the corresponding sequences (from Q1506 to T1573 in Piezo2 and from E1357 to S1417 in Piezo1) were replaced by a short and flexible linker (GSGSAGSG in Piezo2 and GSGSGGSG in Piezo1). Using two rounds of site directed mutagenesis in Piezo2 vector, we introduce the nucleotide sequence coding for the GSG peptide and the ApaI restriction site preceding aa Q1506. Next, we incorporated the sequence for the ApaI site and the GSG peptide next to aa T1573. After digesting the resulting construct with ApaI and ligating the vector, the B2L fragment was removed and the construct only contained the flexible linker, as assessed by Sanger sequencing. A similar strategy was used for Piezo1. The sequence coding for the GSG and Kpn2I sites was introduced before aa E1357 while the Kpn2I and GSG sequence was inserted tailing aa S1417. After Kpn2I digestion and ligation, Sanger sequencing confirmed that the B2L sequence was replaced by the short flexible linker.
Piezo2 clones were transformed into Stbl4 electrocompetent bacteria (Invitrogen) to avoid the frequent DNA rearrangements in Piezo2 ORF. Cells were then grown for 48h at 30ºC.
Piezo1 clones were transformed into DH5a electrocompetent bacteria from (NEB) and grown 24 h at 37ºC. For each mutant, several clones were screened for the mutation by sequencing the targeted region and the selected one was entirely sequenced to ensure that no other mutation was present.
Cell culture and transfection.
To assess the functionality, expression and localization of the mutants, the constructs were transfected into N2a-PIEZO1-KO cells (gift from Gary R. Lewin;(1)) using the calcium phosphate method. N2a-P1KO cells were grown in a 1:1 mixture of Opti-MEM and DMEM (Thermo Fisher) supplemented with 10% FBS (Thermo Fisher), 2 mM Lglutamine (Thermo Fisher) and penicillin streptomycin (Thermo Fisher, 100 U/mL) at 37ºC and 5% CO2. On the day before transfection, cells were seeded on poly-L-lysine treated glass coverslips (for patch clamp and immunohistochemistry experiments) or 6 well plates (for biotinylation assays). For transfection, growth medium was replaced with transfection medium consisting of DMEM, 10% calf serum (Thermo Fisher) and 4 mM LGlutamine. DNA (0.6 µg/coverslip or 1.5 µg/well) was diluted in water (100 µL for coverslips, 250 µL for 6 well-plates) and after adding CaCl2 2.5M (10 µL for coverslips, 25 µL for 6-well-plates) the solution was vigorously mixed. Then, 2 x BBS (in mM, 50 HEPES, 280 NaCl, 1.5 Na2HPO4, pH 7.0; 100 µL/CS, 250 µL/well) was added and vortexed. The resulting DNA mix was added to the transfection medium. After 3-4 hours at 37ºC (5% CO2) the transfection medium/DNA mix was replaced with regular growth medium. PIEZO2 function was assessed 48 h after transfection.
Patch clamp recordings of PIEZO currents
Whole cell patch clamp recordings were made at room temperature (20-24°C). Patch Cells were clamped to a holding potential of -60 mV and stimulated with a series of mechanical stimuli in 0.42 µm increments with a fire-polished glass pipette (tip diameter 2-3µm) that was positioned at an angle of 45° to the surface of the dish and moved with a velocity of 1 µm/ms by a piezo driven micromanipulator (Nanomotor© MM3A, Kleindiek Nanotechnik). The evoked whole cell currents were recorded with a sampling frequency of 200 kHz and filter with 2.9 kHz low-pass filter. Each cell was stimulated in three different locations and the currents evoked in the most sensitive location were used for analysis. To precisely determine the position in which the mechanical probe first touches the cell -i.e. the starting point of the mechanical stimuli -we slightly modified the classical mechano-clamp technique. Thus, instead of using a patch pipette with a completely sealed tip as a mechanical probe to locally deform the membrane, we used a patch pipette that had a small opening at the tip, which allowed us to precisely determine the position in which the probe first touches the cell by monitoring the tip resistance with the second headstage of a double patch-clamp amplifier while approaching the cell surface. Note, the resistance increases when the tip touches the cell (SI Appendix, Fig. S1 ). This approach ensures that the starting position of the mechanical probe is identical in all recordings and accordingly reduces the variance of the threshold determination as well as the overall error in displacement-response curves of PIEZO2 mediated currents.
The mechanical thresholds of the PIEZO2-mediated currents were determined by measuring the latency between the onset of the mechanical stimulus and the onset of the mechanically-activated current. Current onset was defined as the point in which the current signal significantly differed from the baseline current signal (< Imean, baseline -6SDbaseline).
The membrane displacement at which the current was triggered was then calculated by multiplying the speed at which the mechanical probe moved (1 µm/ms) with the latency.
Since the latency of the current onset is independent of current amplitude and is the same for all currents evoked in a given cell (see example traces in Fig. 2-6 ), this approach is much more reliable and reproducible that other previously used approaches for threshold determination.
The inactivation time constants (τinact) were measured by fitting the mechanically activated currents with a single exponential function (C1+C2*exp(-(t-t0)/τ inact ), where C1 and C2 are constants, t is time and τinact is the inactivation time constant (example fits are shown in Fig. 2D and 5B).
Non-stationary noise analysis
The original non-stationary noise analysis developed by Sigworth (2) assumes that at a given stimulus magnitude all channels in the membrane have the same theoretical open probability. While this is true for voltage-gated and ligand-gated ion channels, which are exposed to the same voltage and ligand concentration, regardless of their localisation in the cell membrane, it is not the case for mechanically-activated channels stimulated by local deformation of the cell membrane. In the latter case, channels that are localised in close proximity to the mechanical probe are exposed to higher forces than channels that are Hence, to successfully apply non-stationary noise analysis to poking-induced mechanically-activated currents with a variable number of open channels at the peak, it is important to isolate fluctuations that result from stochastic channel gating from those originating from other sources. To this end we used an approach that has previously been successfully used for analysing postsynaptic currents, which are subject to similar nonstochastic variability (3) (4) (5) . Thus, between 60 and 100 PIEZO-mediated currents were evoked by repeated mechanical stimulation, recorded at 200 kHz sampling frequency and filtered with a 8 kHz low-pass Bessel filter and the mean response waveform was determined by averaging all recorded currents aligned to the point of current onset -the point where IMEC = Imean, baseline -6 . SDbaseline (SI Appendix Fig. 2B and C). The mean waveform was then scaled to the individual PIEZO-mediated current by setting the peak amplitude of the mean waveform equal to the PIEZO-current amplitude that occurred coincidently with the peak position of the mean waveform (SI Appendix Fig. 2D ). The variance of the difference between the measured and the scaled mean waveform at each sampling point was calculated from the isochrones and plotted against the current amplitude of the mean scaled waveform in 1-pA bins. The single channel current was calculated by fitting the plotted data with the equation:
2 is the variance at baseline, i is the single channel current, I is the whole-cell current and N is the number of channels (SI Appendix Fig. 2E ).
Single channel recordings of PIEZO1
Stretch-activated PIEZO1 currents were recorded in the cell-attached patch-clamp configuration using an external solution consisting of 140 mM KCl, 1 mM MgCl2, 10 mM glucose and 10 mM HEPES adjusted to a pH of 7.3 with KOH. The recording pipettes were coated with Sylgard, had a resistance of 6-8 MΩ and were filled with a solution containing 130 mM NaCl, 5 mM KCl, 1mM CaCl2, 1 mM MgCl2, 10 mM TEA-Cl and 10 mM HEPES adjusted to pH 7.3 with NaOH. Pressure stimuli were applied with a 1 ml syringe and the Confocal images were acquired with a SP8 confocal microscope (Leica) at 1 µm sections.
Images shown are the z-projection of the acquired image set for each cell.
Biotinylation assay
The biotinylation reaction was performed in the culture plates kept at 4 °C. After two washing steps with ice-cold PBS, cells were treated for 1 h with 0.9 mg/ml of biotin (EZLink Sulfo-NHS-LC-Biotin, Thermo Scientific). Next, an equivalent volume of TBS (10 mM Tris, pH 7.4, 154 mM NaCl) was added to quench the remaining non-reacted biotin.
After 30 min, cells were recovered from the plates and washed once with cold PBS after centrifuging at 4000 rpms, they were suspended in 1 mL of PBS. To equate the number of cells per sample, turbidity at 600 nm (Nanodrop, Eppendorf) was measured and the volume necessary to prepare a dilution of 0.6 OD 600 units/mL was transferred to a new tube.
Subsequently, samples were centrifuged and lysed with RIPA buffer (50 mM Hepes, pH 7.4, 140 mM NaCl, 10% glycerol, 1% (v/v) Triton X-100, 1 mM EDTA, 2 mM EGTA, 0.5% deoxycholate, 10 mM PMSF and protease inhibitor mixture (Roche) under gentle agitation for 1 h at room temperature. Extracts were centrifuged at 11000 rpm and the supernatant was kept. Equilibrated Streptavidin resin (Pierce™ High Capacity Streptavidin Agarose, Thermo Fisher) was added to equal amounts of extracts and incubated overnight at 4 °C. After washing, biotinylated proteins were eluted by boiling the resin in 2x Laemmli sample buffer for 5 min, and subsequently analyzed by SDS-PAGE and western blot.
SDS-PAGE and western blot
Biotinylated eluates (from streptavidin resin incubated with 130 µl total extract) and 10 µl of the corresponding total extract were electrophoresed in the same 10% polyacrylamide gels. Next, they were blotted onto a nitrocellulose membrane (0.4 µm, GE Health care) using a transfer buffer consisting of 30 mM Tris base, 190 mM glycine, and 20% methanol.
Membranes were stained with Ponceau Red (Sigma) to assess the amount of protein loaded.
After blocking at room temperature in TBS-T (20 mM Trizma base, 500 mM NaCl, 0. For western blot quantification, non-overexposed films were scanned and quantified using the Gel Analysis method from Fiji. To account for differences in blotting efficiency and exposure time, the surface expression levels of the PIEZO2 mutants were normalized the surface expression of the PIEZO2-WT, by dividing the intensity of the band of the biotinylated mutant sample by the intensity of the biotinylated PIEZO2-WT sample on the same blot.
PIEZO2 structure homology modeling
The PIEZO2 structure homology model was based on the Piezo1 structure (Protein Data Bank code 6B3R) determined at 3.8 Å resolution from Guo & MacKinnon (6) . Since the PIEZO1 structure from Guo & MacKinnon did not resolve the latch domain, we generated a second PIEZO2 homology model based on the PIEZO1 structure determined by Saotome and colleagues (6BPZ) (7). The PIEZO2 AA sequence was aligned to PIEZO1 using Clustal Omega (EMBL-EBI), the alignment was uploaded together with the PDB file of the respective structure to the SWISS-MODEL workspace from the Biozentrum (University of Basel) and was modelled as described by Bordoli et al. (8) . Except for the regions for which no structure template from PIEZO1 was available (grey shaded areas in Figure 1A ) and which are predicted to be intrinsically disordered, the local QMEAN values indicated a good model quality, especially in the highly conserved Beam, Latch, Anchor, OH, CED, IH and CTD domains. All molecular visualizations of PIEZO2 were generated with PyMOL 2.0.6.
Statistical analysis.
All statistical analyses were performed in Prism 6.0 (Graphpad). Detailed information about the number of replicates, the statistical tests that were used and the exact P-values is provided in the figure legends.
Data availability
All data are available from the corresponding author upon reasonable request. 
